Summary. Six castrated Soay rams were given testosterone implants, and exposed to an artificial lighting regimen of alternating 16-week periods of long days (16L:8D) and short days (8L:16D) for over 1 year. Under these conditions, the blood plasma concentration of testosterone was maintained relatively constant (4\ m=. \ 3\ p=n-\ 6\ m=. \ 4ng/ml), while the levels of LH and prolactin varied in relation to the alterations in the photoperiod; low levels of LH occurred during long days when the rams were hyperprolactinaemic. During the last period of exposure to long days, 4 of the rams were cranially sympathectomized by removing the superior cervical ganglia. The effect of long daylengths on the secretion of LH and prolactin was blocked; prolactin concentrations began to decline after 2 weeks and LH levels increased. Ganglionectomy also influenced the plasma levels of melatonin; after the operation there was no longer a consistent 24-h rhythm in melatonin values and the increase associated with darkness was abolished. This result supports the view that the regulation of melatonin secretion is involved in the photoperiodic control of reproduction in rams.
Introduction
Exposure of rams to long daylengths after short daylengths results in a decline in the secretion of luteinizing hormone (LH) and regression of the testes (Pelletier & Ortavant, 1975 ; Lincoln & Short, 1980) . This photoperiodic response is blocked or modified if the animals are pinealectomized (Barrell & Lapwood, 1979a, b) or the superior cervical ganglia are removed (Lincoln, 1979) . Both of these operations interfere with the normal function of the pineal gland and there is evidence that the daily rhythm in the secretion of melatonin by the pineal gland is involved in the way photoperiod influences reproduction (Rollag, O'Callaghan & Niswender, 1978;  Kennaway, Porter & Seamark, 1978; Arendt, Forbes, Brown & Marston, 1980; Lincoln, Almeida & Arendt, 1981) .
To investigate the mechanism of the photoperiodic response we have now studied the acute effects of superior cervical ganglionectomy on the hourly fluctuations in the blood levels of melatonin, prolactin and LH in Soay rams exposed to alternating periods of long days and short days. To The concentrations of melatonin, prolactin, LH and testosterone in the blood plasma were measured by radioimmunoassays. Details of the methods and validation for use with sheep plasma are described elsewhere for melatonin (Rollag & Niswender, 1976 (Corker & Davidson, 1978) . The reference standard for LH was NIH-LH-S14 and that for prolactin was NIH-P-S9. The lower limits of detection for the various assays were as follows: 15 pg melatonin/ml; 5 ng prolactin/ml; 0-25 ng LH/ml and 0-1 ng testosterone/ml. All fig. 3 ).
Results

Effect ofphotoperiod
The changes in the concentration of LH, prolactin and testosterone in the blood plasma of the rams during the first 44 weeks of study are summarized in Text- fig. 1 . The levels of testosterone were relatively constant for each individual animal (overall mean ± s.e.m., 4-3 ± 0-2 -6-4 + 0-2 ng/ml), indicating a steady release of the hormone into the circulation from the implants. The levels of LH and prolactin changed markedly during the study and were correlated with the alterations in the photoperiod. During long days the mean concentration of LH decreased in all animals from >18-0to <2-0 ng/ml, while after transfer back to short days the values gradually increased again. There was an inverse relationship between the changes in the levels of LH and those of prolactin which were at a maximum during long days when LH levels were suppressed (Text-fig. 1 ). fig. 3 ) that at the time of surgery there was a transitory increase in the plasma levels of LH, prolactin and melatonin in the ganglionectomized and sham-operated animals, suggesting that this was an initial effect of the operation procedures which was not specifically due to the removal of the superior cervical ganglia. Obvious differences between the ganglionectomized rams and the controls were evident by Day 45 (Text-fig. 3 ). The plasma levels of LH in the ganglionectomized rams were increased to a 24 h mean concentration of 4-19 ng/ml (range 1-00-9-14 ng/ml) compared to only 0-37 ng/ml (range 0-26-0-47 was 6-0 ng/ml (range 3-0-10-0 ng/ml) compared to 44-0 ng/ml (range 37-0-51-0 ng/ml) for the controls. There was no obvious effect of ganglionectomy on the overall levels of melatonin in the blood plasma; the 24-h mean concentration of melatonin was 239 pg/ml (range 124-498 pg/ml) for the ganglionectomized rams compared to 253 pg/ml (range fig. 3a ). However, the hormone profiles for the 4 ganglionectomized rams showed no consistent increase in the levels of melatonin related to darkness once the superior cervical ganglia had been removed (Text- fig. 3b ).
Discussion
In mammals, the pineal gland is thought to be involved in the mechanism by which photoperiod influences reproduction. The pineal is innervated by sympathetic nerves arriving by way of the superior cervical ganglia, and any procedure which interrupts this nerve supply disrupts the normal secretory activity of the gland (Moore, 1978 Herbert, 1981) . Melatonin is one of the principal products of the pineal which is thought to influence the secretion of the anterior pituitary gland and affect reproduction (Wurtman & Moskowitz, 1977; Turek & Campbell, 1979; Reiter, 1980) . In the sheep, there is a marked change in the circulating levels of melatonin from day to night and this daily pattern of secretion under long days is different from that under short days (Rollag et al., 1978; Lincoln & Short, 1980; Arendt et al, 1980; Lincoln, Almeida, Klandorf & Cunningham, 1982) . The regulation of the pattern of melatonin secretion may thus be involved in the photoperiodic responses.
The results of the present study are consistent with this key role for melatonin. In par¬ ticular, it was found that ganglionectomy caused an immediate disruption of the daily rhythm in the plasma levels of melatonin. After the operation there was no longer a consistent increase in the levels of melatonin associated with darkness. This change in the pattern of secretion of melatonin was correlated with the failure of the photoperiodic response; the long-day photoperiod was no longer effective in suppressing the plasma LH levels and increasing prolactin concentrations. The disruptive effect of ganglionectomy on melatonin rhythms and the reproductive responses has been described for Soay rams ganglionectomized for 3 years, indicating that the change is permanent . In this previous study the concentrations of melatonin in the plasma after ganglionectomy were intermediate between the daytime and night-time values found in control rams. The relatively higher levels of melatonin observed in the present study on Day 45 after ganglionectomy may reflect a hypersensitivity of the pineal gland that develops after removal of its sympathetic innervation; low levels of noradrenalin arriving in the peripheral blood may provide a stimulus for release (Wurtman & Moskowitz, 1977) .
Since ganglionectomy affected the pattern of secretion of melatonin, as well as the photoperiodic control of the secretion of LH and prolactin, it can be argued that photoperiod normally regulates the secretory activity of the anterior pituitary gland by dictating the daily rhythm in the release of melatonin. If melatonin is the specific hormone involved in this effect it should be possible to recreate the effects of long days on the secretion of LH and prolactin in ganglionectomized rams treated in the appropriate fashion with exogenous melatonin. There are extensive results from work on other seasonally breeding animals, including the golden hamster (Reiter, 1980) , Djungarian hamster (Hoffman, 1981) and ferret (Herbert, 1981) , which demonstrate that exogenous melatonin administered in different temporal patterns can simulate the effects of different photoperiods, and preliminary results with melatonin-treated rams also indicate the importance of this hormone .
